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Background 
The Integrated Pest Management Research 
Issue Team was formed in 1990, shortly after 
the last major alfalfa weevil outbreak in Iowa. 
The long-term objectives of the IPM interdis­
ciplinary research team are to 
(1) integrate biological, cultural, and chemi­
cal controls, as well as interactions of 
diverse pest complexes (insects, patho­
gens, and weeds) into IPM decision mod­
els, and 
(2) deliver environmentally and economically 
sound IPM systems for sustainable agri­
cultural systems in Iowa. 
Alfalfa was selected as the crop system be­
cause of Iowa producers' increasing interest in 
the economic value of forages, as well as the 
increased awareness of the benefits of alfalfa 
rotations. Initially, the team focused on the 
alfalfa weevil (Hypera postica), a key insect 
pest. This introduced pest was responsible for 
significant alfalfa yield losses in Iowa from 
1988 to 1990. Densities of the weevil declined 
in 1991 and then increased again in 1992. In 
1993, more than 5,000 acres in southeastern 
Iowa were treated for alfalfa weevils. 
In 1994, the entomologists on the team contin­
ued studies of the alfalfa weevil to determine 
its population dynamics, the seasonal devel­
opment of populations in relation to alfalfa 
growth, and the effects of biological control 
agents during periods of low densities. Addi­
tionally, they continued studies begun in 1993 
of a second key alfalfa insect pest, the potato 
leafhopper (Empoascafabae). 
The development of a disease management 
program depends on accurate information on 
the identification, seasonal occurrence, and 
prevalence of pathogen populations to de­
velop quantitative relationships between dis­
ease intensity and yield loss. The research on 
alfalfa diseases, which began in 1991, contin­
ued during 1994. 
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Another project, begun in 1992, examined the 
ability of alfalfa selected for high forage qual­
ity to withstand biotic and abiotic stresses. 
This alfalfa type, which has high digestibility, 
has been selected by commercial plant breed­
ing companies and has the potential for wide 
acceptance in Iowa. 
Approach and findings 
From 1990 to 1992 the population dynamics 
and phenology (life cycle related to climate 
and other factors) of the alfalfa weevil were 
examined along a north-south axis in Iowa 
from Bremer to Lucas Counties. At the four 
sites in central and southern Iowa, alfalfa wee­
vils oviposited (laid eggs) during fall and win­
ter. At the central Iowa locations (Story and 
Polk Counties), ovipositing occurred mainly 
in the spring. More egg laying in the fall at the 
two southern locations (Monroe and Lucas 
Counties) led to greater densities of alfalfa 
weevil larvae early in the growing season. The 
timing of these larval peaks is important be­
cause smaller alfalfa plants are more likely to 
sustain economic injury from the alfalfa wee­
vil. 
The 1993 sampling season in northeastern 
Iowa was characterized by above-average rain­
fall and the lowest alfalfa weevil populations 
since 1990. Approximately 60% of the pupae 
reared from alfalfa weevil larvae collected 
from the northeast Iowa sites were parasitized 
by two wasps, B. anurus or B. curculionis. By 
comparison, in 1992, only 12% parasitization 
of a much larger alfalfa weevil population was 
recorded. 
The key agent causing mortality of the alfalfa 
weevil in Iowa is a pathogenic fungus, 
Zoophthora phytonomi. In central and south­
ern Iowa, six epizootics (greater than 50% host 
mortality) were observed during this three-
year study; five were associated with above-
average rainfall. However, in 1992, an epi­
zootic occurred in central Iowa, despite be-
low-average rainfall. 
Other biological control agents attacking al­
falfa weevil larvae in Iowa include parasitic 
wasps and insect predators. Two wasp species 
killed from 2% to 28% of the alfalfa weevil 
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larvae collected at the four sites. Parasitiza­
tion rates at two southern Iowa locations de­
clined during epizootics of Z phytonomi each 
year, suggesting a negative effect of the fun­
gus on these wasps. At the northern location, 
two wasp parasitoids attacked 10% of alfalfa 
weevil larvae in Bremer County. No mortality 
due to the fungus was observed in Bremer 
County in 1992, but fungal mortality was 
recorded in 1991. Coleomegilla maculata, a 
lady beetle predator, was the most abundant 
predator found in central and southern Iowa 
alfalfa fields from April 16 to June 7 in 1991 
and 1992. C. maculata adults are highly 
correlated to densities of alfalfa weevil larvae 
and pea aphids. 
Scouting changes: Historically, scouting for 
alfalfa weevil larvae in Iowa has begun when 
300 degree days have accumulated in the 
spring. (A degree day is a measure of heat 
units based on the daily mean temperature 
above a given standard temperature, for ex­
ample, 50° F.) Degree days help to predict 
insect occurrence and development because 
insects are dependent on temperature.) But 
because alfalfa weevil adults in southern Iowa 
lay some of their eggs in the fall, and these 
eggs start to develop before winter, changes 
were needed in the initiation of scouting. The 
recommendation is now to begin scouting at 
200 degree days in fields south of Interstate 80 
and at 250 degree days north of the interstate. 
Management options include cutting the field 
or applying an insecticide if an economically 
damaging alfalfa weevil population exists. 
Alfalfa diseases: The frequency of occur­
rence of nine fungal pathogens and one bacte­
rial foliar pathogen of alfalfa was monitored at 
four locations in Iowa from 1991 to 1993. 
Each year, disease severity and percent defo­
liation assessments were performed weekly 
from early May until October. The most 
frequently occurring plant pathogen infecting 
alfalfa early in the season was Phoma 
medicaginis, which causes spring black stem. 
Later in the year, three pathogens caused sum­
mer black stem and leaf spot diseases. Defo­
liation levels at the time of harvest varied 
among locations and years and ranged from 
3% to 70% defoliation. 
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Hardiness of highly digestible alfalfa: Se­
lecting alfalfa for low lignin concentration 
and high digestibility is a common practice 
among commercial plant breeding compa­
nies. But such alfalfa may have a lowered 
ability to withstand stressful environments 
caused by low temperature, diseases, and in­
sects because lignin and plant phenolics play 
a key role in resistance to these stresses. Re­
sults from studies in 1992 and 1993 indicate 
that alfalfa lines selected for high digestibility 
have less ability to withstand cold tempera­
tures and show differences in susceptibility to 
alfalfa diseases. In 1993, insect samples were 
taken from these alfalfa lines; no differences 
were observed in the numbers of alfalfa wee­
vils and potato leafhoppers. Pea aphid num­
bers were consistently lower on lines having 
higher levels of lignin. 
Current research 
The IPM issue team continued three existing 
projects during 1994 (projects 1 through 3); it 
also launched two new ones (4 and 5): 
1.	 Insect pest population dynamics, phe­
nology, and biological control agents in 
Northeast Iowa alfalfa, by Eiben and 
Nuss 
Primary objectives during 1994 included the 
ongoing quantification of alfalfa weevil popu­
lations and determination of how beneficial 
species (insect predators, parasitoids, and 
pathogens) affect weevil populations in north­
eastern Iowa. From 1991 through 1993 the 
investigators observed significant populations 
of pea aphids (Acyrtho siphon pisum) in field 
sites in northeastern Iowa. As the study of pea 
aphid population dynamics is continued, in­
vestigators will document the roles of preda­
tors, parasites, and pathogens in reducing pea 
aphid densities. In addition, they will sample 
insects attacking berseem clover, which has 
been introduced to Iowa on a larger scale only 
in the last two to three years. This work is 
intended to inform research by the Leopold 
Center's Cropping Systems research issue team 
(see p. 14) as they study the suitability of 
berseem for various cropping scenarios. In 
1993, IPM team members took samples from 
the berseem clover from July to September. In 
early plantings of this clover, almost 3,000 
insects were collected. Over 700 E. fabae 
were collected from berseem clover. 
Nine different sites were sampled for alfalfa 
weevils in Bremer, Fayette, and Clayton coun­
ties. Weevil larvae were not found at three of 
the sites. As in 1993, approximately 60% of 
the pupae reared from larvae collected at the 
remaining sites were parasitized with either B. 
anurus orB. curculionis. In contrast to 1993, 
when the two parasites occurred with equal 
frequency in the samples, in 1994, 85% were 
B. curculionis.
Sampling of insects found on berseem clover 
strips on the Frantzen farm in Chickasaw 
County continued in 1994. Preliminary results 
indicate that diverse populations of plant bugs 
(Miridae) were the most abundant group. The 
tarnished plant bug was the most abundant 
species in 1994. Leafhoppers were also present, 
but in contrast to 1993, their populations were 
extremely low. There did not seem to be any 
differences between insect populations on ber­
seem clover and on the alfalfa in the field 
borders. 
2.	 Population dynamics, phenology, and 
sampling of the potato leafhopper, by 
DeGooyer and Pedigo 
Preliminary studies of a second key alfalfa 
insect pest, the potato leafhopper (Empoasca 
fabae), continued during 1994. The potato 
leafhopper is considered one of the key pests 
of alfalfa in the north central states. Feeding 
injury to alfalfa plants results from phloem 
(channels or "veins" in plants through which 
Galen Elben 
(Wartburg College) 
and Ken Nuss 
(University of 
Northern Iowa) 
collaborated on the 
study of pest popula­
tion dynamics. 
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sugars move) destruction and clogging. In­
jured plants exhibit an inverted, V-shaped 
yellowing, commonly referred to as 
"hopperburn." Because of the mobility of 
potato Ieafhoppers, accurate sampling for 
making management decisions has been diffi­
cult. 
Studies were conducted in Iowa to develop 
grower-oriented methods for sampling potato 
leafhopper densities in alfalfa. Four relative 
sampling techniques, including sweep-net, 
sticky trap, water pan, and suction samples 
were compared to absolute estimates of potato 
leafhopper density for determining their abil­
ity to estimate leafhopper poulations. Addi­
tional sweep-net samples were collected dur­
ing a 24-hour period to determine any diel (24­
hour) fluctuations of leafhopper captures. Con­
current research focused on the population 
dynamics of potato leafhopper in alfalfa/grass 
mixtures. 
3. Epidemiology and management of al­
falfa diseases, by Nutter 
Although alfalfa grown in Iowa is susceptible 
to a number of plant pathogens as evidenced 
by quantitative measurements of the preva­
lence, incidence, and severity of foliar disease 
symptoms, quantitative estimates of crop losses 
caused by these pathogens are lacking. Better 
estimates of losses are necessary in order to 
develop rational, cost-effective disease man­
agement programs. 
Collection of accurate information concerning 
the seasonal occurrence and prevalence of 
pathogen populations in alfalfa grown in Iowa 
began in 1991. Using different fungicide 
concentrations, this investigator quantified the 
relationship between disease intensity and yield 
loss. Spring black stem was the most prevalent 
disease early in the season, and epidemics 
consistently reduced yields in excess of 30%. 
Pseudopeziza, Leptosphaerulina, and 
Cercospora (summer) leaf spots were the most 
prevalent pathogens present during the sum­
mer months; they also caused yield reductions, 
particularly at the second and third cuttings. 
An excellent relationship was observed be­
tween percent reflectance of sunlight from 
alfalfa canopies and yield loss. Foliar patho-
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Technicians collect an absolute sample of potato Ieafhoppers. Abso­
lute sampling techniques are used to determine the number of insects 
(in this case potato Ieafhoppers) in a given area. 
gens cause a reduction in green foliage in an 
alfalfa field; thus, reflectance is a good estima­
tion of disease severity. This researcher is 
currently investigating the multispectral radi­
ometer as a new method for determining opti­
mal harvesting schedules when foliar diseases 
are present. 
In 1994, the investigator emphasized deter­
mining the seasonal occurrence and preva­
lence of leaf spot pathogens in Iowa by moni­
toring alfalfa stands at several locations. Al­
falfa stems were sampled (according to proce­
dures developed in 1991) at 7- to 10-day inter­
vals from April to October. Disease incidence 
and severity were assessed and fungi identi­
fied after incubation of leaflets in petri-dish 
moist chambers. Disease progress curves were 
generated, and the relationships between dis­
ease incidence, severity, and yield were deter­
mined. Leaf area index was measured as well. 
The investigator also emphasized developing 
yield and quality loss models to quantify losses 
caused by foliar plant pathogens. Losses due 
to alfalfa mosaic virus were also investigated. 
This information now serves as the basis for 
future quantitative studies to develop scien­
tifically based decision systems regarding the 
need for fungicides and to recommend cutting 
schedules that will optimize yields and qual­
ity. From 1992 to 1994, 38 alfalfa varieties 
(representing alfalfa genotypes released in the 
early 1900s to present-day releases) were evalu­
31 
ated for disease resistance to different com­
plexes of alfalfa pathogens. Correlations be­
tween year of release and level of resistance 
are in progress. 
4.	 Biological control of the alfalfa weevil 
and interaction with alfalfa disease man­
agement (new project), by Giles and 
Obrycki 
The fungal entomopathogen Zoophthora 
phytonomi, first reported in Ontario in 1974, 
has spread to alfalfa-growing regions through­
out the United States. It often causes over 90% 
mortality in alfalfa weevil larvae. In central 
Iowa, the greatest larval mortality attributed to 
this pathogen has been documented at 92%. 
The disease occurs naturally on alfalfa weevil 
larval populations. High densities are usually 
needed for initiation of disease during dry 
weather. However, during periods of above-
average rainfall, Z phytonomi occurs on sub-
economic populations (or numbers below a 
level at which economic impact occurs). In 
Iowa, the amount of rainfall during April and 
May has a significant negative correlation 
with first incidence (beginning) of the disease. 
Research in Kentucky has shown that by ma­
nipulation via early cutting, this pathogen can 
be induced to prematurely infect larval popu­
lations. Early cutting concentrates larvae on 
the ground and into wind rows of hay, where 
environmental conditions are ideal for devel­
opment and spread of the disease. 
Work in Ontario suggests that a fungal inocu­
lum is present perennially, depending on 
weather. An important step in initiating epi­
zootics on larval populations is to get large 
numbers of larvae to the ground during moist 
conditions where the fungal inoculum grows. 
High winds, early cutting, or insecticide appli­
cations all accomplish this. However, infor­
mation about the relationship among cultural 
control methods, insecticide applications, and 
fungal epizootics is still lacking. 
The development of manipulative techniques 
designed to initiate epizootics in the field de­
pends greatly on the activity and virulence of 
the fungus in early spring. Partial cutting, 
reduced insecticide rates, and inoculative host 
and pathogen releases would initiate early epi­
zootics in the field and maintain larval popula­
tions below economic levels. Partial cutting 
would concentrate larvae in appropriate micro­
habitats for the initiation and spread of disease 
and allow much of the field to grow to maturity, 
resulting in total increases in yield and im­
proved stand life. Reduced rates of insecti­
cides, aimed at reducing early-stage larval popu­
lations just below the economic threshold, 
would concentrate large numbers of larvae on 
the ground, which would serve as host cadav­
ers for the early initiation and spread of disease 
to surviving weevil larvae. Early epizootics 
created by inoculative releases of the fungus or 
sentinel larvae (infected and non-infected) 
would reduce the need for insecticides as a 
control measure for the alfalfa weevil. By 
integrating the impact of effective natural en­
emies into ecologically sound pest manage­
ment programs, the use of insecticides can be 
avoided, thus reducing risks to wildlife, water 
resources, and people while enhancing the 
sustainable production of alfalfa. 
Continuing studies—1995: Studies will con­
tinue in two central Iowa alfalfa fields to deter­
mine the early spring activity of Z. phytonomi. 
Low to high densities of laboratory-reared H. 
postica larvae will be placed in alfalfa fields 
during the early spring (no natural weevil popu-
In its larval stage, the alfalfa weevil can 
completely defoliate an alfalfa plant 
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lations present), collected by hand, and indi­
vidually reared to determine infection rates. 
A laboratory study will be conducted to deter­
mine if alfalfa weevil larvae exposed to insec­
ticides serve as suitable hosts for infection and 
subsequent transmission of Z. phytonomi. 
Laboratory-reared alfalfa weevil larvae will 
be treated with Lorsban® and Pounce® in a 
range of rates. Treated larvae will be placed 
into inverted petri dish lids and exposed to 
alfalfa weevil larvae infected with Z. 
phytonomi. Larvae will then be individually 
reared on alfalfa to determine infection rates 
for each treatment. Further infection studies 
will be conducted to determine treatment ef­
fect on subsequent disease transmission. 
Studies will also continue in two central Iowa 
alfalfa fields to evaluate modified cultural and 
chemical management techniques designed to 
initiate epizootics of disease on early spring 
populations of alfalfa weevil larvae. 
Partial cutting treatments will consist of wind­
rowing (two and three rows apart). Chemical 
treatments will consist of Lorsban and Pounce 
applied at several variations on the recom­
mended rates. All treated rows and controls 
(subplots) will be sampled by sweep-net at 
two-day intervals. From each subplot, larvae 
will be reared to determine infection rates by 
Z phytonomi. Natural infection levels will be 
compared to infection levels within each treat­
ment. 
5.	 Impact of selecting for low-Iignin con­
centration on the ability of alfalfa to 
withstand low temperatures and biotic 
stresses under field conditions (new 
project), by Buxton, Nutter, and Obrycki 
Alfalfa selected for low-lignin concentration 
and high digestibility may be less able to 
withstand stressful environments caused by 
low temperature, diseases, and insects because 
lignin and plant phenolics play a key role in 
resistance to these stresses. Preliminary ob­
servations indicate that perennial plants se­
lected for high digestibility sometimes with­
stand poorly the stresses commonly encoun-
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tered in the field. This study focused on 
tolerance of cold temperatures and other stress­
ful field conditions. Yield measurements were 
made on a per-plant basis, and samples were 
taken to determine forage quality. Plant counts 
were made and disease evaluations were con­
ducted 3 to 4 times annually to assess the risk 
of epidemics of particular diseases in alfalfa 
lines bred for reduced levels of lignin. Pest 
insects, such as alfalfa weevils, pea aphids, 
and potato leafhoppers, were also sampled 
from these alfalfa lines. 
ISU Plant Pathology graduate student Doug 
Webb has developed a series of alfalfa clones 
that vary in lignin content. These clones are 
being used in controlled environment studies 
to quantify the relationship between lignin 
content and the following disease cycle com­
ponents of alfalfa rust: infection efficiency, 
pustule size, latent period, and sporulation 
capacity. New information concerning the 
effects of temperature and leaf wetness dura­
tion have been completed. 
In the first experiment, second-generation al­
falfa after the original selection for the lignin 
concentration had 64% survival when selected 
for high lignin concentration, but only 34% 
survival when selected for low lignin concen­
tration. Plants produced from seed of the 
surviving plants showed no difference in sur­
vival when grown in Nebraska or Iowa. Switch­
grass showed differential survival by the end 
of 1993. Because data are still being collected 
and analyzed, only partial and preliminary 
interpretations can be made. It appears that 
selection for either low lignin concentration or 
high digestibility can result in reduced surviv­
ability in some species, and in fact that is what 
occurred in this team's work this in alfalfa and 
in switchgrass. The smooth bromegrass and 
orchardgrass survived well at all locations 
and even if the sensitivity to stress was in­
creased by selection for high digestibility, the 
plants seem to be well enough adapted so as 
not to be adversely affected. 
More complete findings from the five 1994 
projects summarized above will be compiled 
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in spring 1995; that report will be available conferences, field days, forage confer-
For more information from the team leader or the Leopold Center. ences, and research journals. In addition, 
contact J. J. Obrycki, 
Entomology, Iowa three graduate students have based 
State University, Findings from the IPM team research are dis­ master's level theses on their work with 
Ames, Iowa, 50011, seminated through ISU extension meetings and the IPM issue team. 
(515) 294-8622. publications, Leopold Center publications and 
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